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Introduction——

The firSL cavity, or tank, 01 tile lA’lr’F linac is

n _fl-cell, ULICOlfii)Cn.SatCLi,zero-r.lode .\lvarrz structure

operating at 201.2i !fllz, v ith ,11 axial electric field

distribution dcslgncd to incrc,~sc linea(ly from in[,uL

to output. There are three more tanks in the ,Ilvarez
portion which bring the particles to 100 :!eL’, Each of

these arc pose-coupler stabllJ.!ccf, with uniform Licld

distributions, All four tanks Ildvc a clesic[l :~- -26’..

The linac is prccedcd bv Lwo bunchets, buLh operating

at 201.2s ?Diz. The phase and amplitude 0[ LIIC :f in

these SIX struc:urcs arc independently adjustahlo; the

basl: problcm ie how to set these pnrnnetrrs for opti-

mua accclcratiun characteristics.

The proccdu J I ~cr ~ccomplistlillg thi~ tuninR is

to scan an area around Lhr desired rmeratint? ~oint.

lookin~ for a strun.qly charac:urisci~ patte~lI”wlllcf’1

ha~ been prrdicted bv a slm(lllt lon rtodcl. !;III?TFG—— -. . —— - —
Pattern is achieved. the moci~l teils how to make the

final aettlngs. In-this instance, the model and the
tune are l-hextricably interwoven.

It has been observed in practice thtit C!lC pre-

dicted ahapcs could not be fodiid in detaiJ, ~lthough
the general fratures were ptescnc. There were indica-

tions that chr discrepancies occurred in the first

tank. Therefore wc urtdcrtook to experimentally rleter-

mine the opcr,ltlng chnractcristlc$ of the 201,25 }fllz

atccelcratc!r nnd to improve the rnodcling until a,qree-

mrnt was obtained. This tcpurt cutccntratcs on rne

first tank; chc results fnr callk.s .?-4 were cnsler tO

obtain and tire used in dCVE’i OpIng the final LUni L7g

sLrategy.

~el Developccnc

~e Exprrimer.t—.—

The goal cf Lhc experiment WQS co rlap out t:-e

lonEiLudinal arccptmce of che firs: tar, k of the :’._~!?F
~0~625 q]z lI”ac.

Conceptual I:;, L]IC experi~ent is SiZp]e. A T.~xo-

energctic, dc b~an 1s cra:lsportc.d to t!c linac. :-en

tl)e transmission t!lrou~h tile first tc., u :ank. s (h, i! ct,e

second Lank u?,Exci Led) is rmasurcd by a ccppcr aks:r!>er

as a funcrlon of the rf amplitude of cl~e first t=:i

(Ilcrc=aftcr called an a.z?litudc bean). Then Cc men OUK

the acceptance iL is cn]y necessary to a“Jp]itL:dP 7.?0

OL different injecticn energfcs. Ke did thi~ o~,c~ a

ran~e 720-799 kc’.’ (Fig. l). Finally, ~-e changed :,1-.

axial electric field di~cribL,ticn (:ilt) i:] tan;; : and

rcpeaccd thp abrwc c~pc,rimcnc. h’e did cE1?; for s:>;

diffcrcnc tilts.

Each amplltudr scdn contains inforzution i?. :er-..

of the .nnplitudc sc,tpoinL (,!S1)) below ,.-YIlCht!,cre is no

transmisshn (Ilcrcafter called che cutrff), and :’. ,,

sllapc of the cur.fe relatinc pcrlicle transnissim LLo

the ASP. From LIICL1)KC aim ac dctt,rmin:ng cl,e c.l:ihra-

tion facLors uh~cli 7.111 allow us to set the

tllc dcslred lCVC1.

Data ,tnalysl~h

There are four sets of information co

accelerator St’-UcLurC and quadruple ‘nainet

❑cnta: the cxrcrir.wnt data; and tl]c sirulatim C:CTeL-i-
ment calculated u!;ing the FANIIIJ mcdcl.

We have bead PU1! dsta fcr nine different :ilts,

We chose to do no smoothing to CIICSC discributiozs, but

instead to use tl]cm ex~ctly as measured. The flc:ci

level ~n the tank was control!.ed at a probe in CCI1 .?6,

so I:c normalized all the fields to the design P&=-wILA

value in that CC1l.

As the data analysis procccdcd, it became e-:idcnt

that there was disa~rceficnt bctwccn the exFerir.t?n:al

end thcoreticnl. data. Since the quad gracficnts F.a-:e a

strong influenc: on the dynamics, all cf the ope:ating

c,~rrcnts were ric:surcd. The gcudimrts were entered in-

to the code and a filgnificant part of the disagreement

was removed.

To get a preliminary connection between ASP and

percent of design field, we did a l.incar least ,sq.~ares

fit to the amplitude fican cutoffs in ASP versus c:-lc

calculated cuCeffs as a percent of design field c:er

the entire energy spectrum for one tilt settin~, allow-

ing for an in,jrction energy calibration offset.

The amplitude scan data were manipulated i?. ❑n-

t~ix form using Lhc APL languarc. CU51C spline s=ooth-

ing wns used, and the curveg wcrz extended to all.w

interpolation over energy. Two typca of fltLing ..-ere

neceaaary,

Firot it wm necessary to relate the expcr~~ntal

transmission to th@ P,L%VILA trusmis~lon. The CC::@CC

way to do this would be to measure the current a: the

cntrwrce of the Iinac and comp:re it to the cur:ent
transmitted through tank 2. rhjs transrzleslon ra:ic

could then bc cumpared directly :0 the percent C: par-

ticles transmitted in PAK’!ILA. The truusrnission at

the end of tank 2 was cwaa,]red but the currrnt relsure-

mcnt at tht? input of the linac was inaccurate. This

1.



The t:dcl.—

At the outset of cur study, PA~YIIA inclu’!cd the
effectn of quadrup?lc rJsalign:.IcII:s and mxzsurc.1 &xlal
electric field distrii~uti>ns. Arciticinl phase .md
energy di$crimina Lion Wre usual~f” USU.! to r!,>Ccruin.-
particlc transrricston. Un cluscr inv~ssLigatiun, it
was found that ve?y low encrgv particles b’crt trnns-
porlrd t!lrougll tank 2. This lud us r., use radial, in-
pi.ngcment on the drift tubr?s as the OUly lrIss mcchan-
iam.

PARWIA allow single n9 ~oll as multi-particle
calculations. Although xc are malcly c.onccrncd with
the lorrgltLdlnal rfynamics, uc cannu: nrplect thr trmrs-
Vcrsc influence w!]all s i~ulating actual rx;crtr.vnts.
Due to comput?tion,il liriLti:i.?nS, lt 1s Jii(icult CC
do t?ix-dlner!sion:l calc~l~itinnfi. XC circunvcntrd this
problem by fil:din~ a Lransversc p:,,”it!on ~slch rcprc.-
Renmd the avc:ai;c Lransvcrsc bc!;n,:itir and USlnF LIIIS>

as err input value in subsequent runs. (For our bean,
the transverse spncc (X,X1,Y,Y”) - (0.2 cc,O,O,O) wan
a g~od chaice.) Tha: IF, the transalssion cutnffs
WC+C nearly the c.mc for the displaced pencil b~nm am
for n beam with a randonlj’ fillud trmsri,rse phltie
apncc.

Actual as-built measurccmnts wore used for the
lonfjltudlrral positlmri.n~ (f drift :U5VS and rfrlft tube
len~th~. The cap and cell lcn~t[l urrcrs enter Into
the calculation of’ the energy gnin per CCII:

The quantity EOL ie che integral along the axis of the
●xial electric C~cld. lt is obtained from bead p.~11
data and ao it IG strrrightfoward to include the

length error.s in the ral.culation.
TI.F accond quantity w!,ich is affccterf is the tran-

aiL time factor, T. AM approximate form for T la

~+.p -.
0

where a ie the radius of the bore hole, Thle approxi-
mation in poor for determining T, but it is good for
detcrmlnirrg AT. In PARWIA we use

T(N AE,L+.’,L) - T(R,L)
‘fPAft?t ‘ T(,SEL) ‘PAM

which le good to 2%.
Finally, atrag~ling effeccs in the coppar absorb-

ara usad in the experirzence are alao taken into account
in the PANIILA calculations,

Figure 1 showrr a family of rrhplitude scans for one
field tilt 6etting, assuc,irrg an enerp,y otfset of 5.8
kev. Figure ‘2 ahcw.+ the cutoffe versu~ encr~y for alx

errperlmtntal tilts and ninu bc~d pull tilts. The firmt

Mndcl Application— —.

Tkc actual axl~l clcc:ric field distribution as
mea.qu]cd by beaJ pulls variws grca:l:~ fro~ the de+!.:a
di:LribuLion (FiG. 3) whl rhc lar.qc t_lucLu.?zions :T, tile

first fc,w cells drlw a larfw longitudinal csclllzlinn.
(Thtm Pechx:ism K!Ii(h is usual to prtmiucu Lh- tfltcL

field, l.c. , Changilli; L!IC gap 11 ngL!,s of C:.1> rh.’ :i~st
and l~,st cells , p1Lrluce5 t:lcsl~ fluccuacloc+. ) lhc bc’arl
gccs a 25” kick in the first cell. The Rczl of CC: in-
vestl~acion is to dLhtCrZineO for the exist:ng lin::, m

input phasr imd mrrrg:: am? a field tilt wl.it!) wrm!i
minl~lzc th(> lon?itudlnal pllasc oscjllatic:.. Lail ;eo-
eration, and wIitLmcc t3rCWLh. IL is also c!esirn::e LO
have a small J.E ac the cnd of tank 1, so t:-.e suhsc;:,cnt
oscill;ltlrm can be mlnlmizcd by properly F+asin~ tznk 2.

The parameter spnce of energy and phase vnrla:ion
from c!csign (?.E,Y.:) and electric field til: was eY-
plored, The aim was to pick a po?nt in this tip.-tc(=
which would give a SRL1l overall ph.l Se oscillatlt,r. in

tank 1 and in tunk 7. Bead pull tilts 1, 2, and 3 for

a rcr,ion in (t,E ,f?) ccntcrect around (8 kcV, -25-) =ar-
Isficd the above crlr.eria nntf were relatively inscnql-
tive, I.e., uovlrrg away frnm tilt, mlninuv; a:orrg ci:’wr
LLxtm resulted in only a small incrcasc In :hc amplitude
of the phose oscillation.

The -25” in PIIJSC is easy t.o undcrsta=d aa t!.is is
the amount by which the phrisc Is kicked in :hc first
cell. TIIC 8 kcV oCfsct gets the heaa thro=~!l the rc-
girm rIf chc Iargc field fluctuations (the first fcw
CC1lS) with approximately the correcr energy to be near
tha synchronous enrrgy for the remainder cf the tnnk.

In order to refine th~ choice of par=ccrs, it is
neccsrmry to do multi-parttclc calculations. As .?
flrnt SCCP, wa used a randomly popula:ed elliptical
bunch which waa :25” ~~idc and ~.lff kc~’ hig!l with nc
transverse emittance (as Wr found chat tr~nsvcrse cmit-
cancc had no slgnlficarrt effect on the results) LC dc-
termino hw the cmittance developed and h- well :he
baam was matched. Thenr rune shoi~d that -25° was net
● good injection point. The beam developed halos and
became filnmentcd because one edge of the iunch was too
close to the I@ft edge of ttl~ acceptance. }!ovin~ zhe

beam to -16” gave ❑ore cohesiveness and no taila. Tilt

? gave tha beat results at this staga; thts wag sa:ls-
fying bacause the field distribution for this tilt is
the closest to the dcslgn condition in the center of
the tank.

For the last step in determining the optimum oper-

●ting condltiona, wo did cmlc”llatlons for a raano-ener-
Bctic dc beam with no tranevcrec emtttance which tra-
versed two bunchars (with no space charga). As noted

previously, rrome particles that ara no lo~gcr being
●ccelerated will be traneporterf through t=.k 20 fieee

pcrticlea are preeent in experimental measurements and
Lust be corrnidared. Hcwevnr, they ●re coca to be lost
and thus should not confuse tha issue of M optir.m
tuna fnr the accelerated beam. Henca, we calcula:a
amltt~.~a areas for the accelaratcd partic:ea only and

. . . . . . . .. . 2-. ..,.. ----
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Cutoffs va injection ●nergy for sevcmal tilt-.
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Lksigm tlald and ●ctual fimld from
tilt 2.

baadpul 1

Figm 4

pig, 5

Pig. 6

++,

lcsicn vs acLual acceptance of tank 1.

(%lcu]atcd longit LdiFal cr3ttmce containing
902 and 100; of perticlctc injected in an el-
lipse of S25”, s~.o keu c~,, tered at 758 keV and

$,-16” ●

Actual perftmmcc at injacticn of 756 kcV,
-42”, ahtwing f raccion of beam wxthin phase

●proad St LJ qeV aa functicn of tank 1 rf field
lavel.

---- -..


